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NOTICE 

This report was prepared as an account of Government sponsorod 
work. Noither tho United Stator, nor tho National Aoronautics 
and Spaco Administration (NASA), nor any porron acting on 
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01' usefulnors of the information contained in this 
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ilrfringe privately owned rights; or 

6.) Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor- 
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As usod above, .person acting on bohalf of NASA' includes 
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FOREWORD 

The work described herein is sponsored by the National Aeronautics 
and Space Administration under Contract NAS 3-6474. For this program, 
Mr, R..L.,Davies is the NASA Project Manager. 

The program is being administered for the General Electric Company 
by Dr. J. W. Semmel, Jr., and E. E. Hoffman is acting as the Program 
Manager. J. Holowach, the Project Engineer, is responsible for the loop 
design, facilities procurement, and test operations. R .  W. Harrison, the 
Project Metallurgist, is responsible for the materials procurement, 
utilization,and evaluation aspects of the program. Personnel making major 
contributions to the program during the current reporting period include: 

Alkali Metal Purification and Handling - Dr. R .  B. Hand, L, E. 
Dotson, and J. R .  Reeves, 

Refractory Alloy Procurement - R .  G. Frank. 

Quality Assurance and Reliability - G .  L. Hilbrich. 
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ADVANCED REFRACTORY ALLOY CORROSION LOOP PROGRAM 

I INTRODUCTION 

This  repor t  covers t h e  period, from April  15, 1965 t o  J u l y  15, 1965, of a 

program t o  f a b r i c a t e ,  opera te  f o r  10,000 hours, and eva lua te  a potassium corro- 

s ion  t e s t  loop constructed of T-222, T-111, FS-85, o r  D-43 a l loy .  Candidate 

ma te r i a l s  f o r  evaluat ion i n  the  tu rb ine  simulator inc lude  Mo-TZC and Cb-132M. 

The loop design w i l l  be s i m i l a r  t o  t h e  Prototype Loop, a two-phase, forced con- 

vect ion,  potassium corrosion test loop, which i s  being developed under Contract 

NAS 3-2547. Lithium w i l l  be heated by d i r e c t  r e s i s t a n c e  i n  a primary loop. Heat 

r e j e c t i o n  f o r  condensation i n  the secondary loop w i l l  be accomplished by radia- 

t i o n  i n  a high vacuum environment. T h e  compat ib i l i ty  of t h e  se l ec t ed  mate- 

r ia l s  w i l l  be evaluated a t  condi t ions representa t ive  of space electric p o w e r  

system opera t ing  condi t ions,  namely: 

2050'F 

b. Superheat temperature - 2150'F 

a. Boiling temperature - 

c .  Condensing temperature - 1400'F 

d. Subcooling temperature - lOOO'F 

e. Mass flow rate - 40 lb /h r  

f .  Boiler e x i t  vapor ve loc i ty  - 50 ft/sec 

g. Average heat f l u x  i n  bo i l e r  
Plug (0 to  18  inches) - 250,000 BTU/hr f t 2  
Helix (18 t o  250 inches) - 5,000 BTU/hr f t 2  
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I1 SUMMARY 

During t h e  f i r s t  qua r t e r  of t h e  program, work proceeded on t h e  top ic s  ab- 

s t r a c  ted below: 

Mater ia l  vendors have been contacted,  and t h e  order ing  of loop construc- 

t i o n  materials can commence promptly upon n o t i f i c a t i o n  of t h e  a l loy  selection by 

the  NASA Projec t  Manager. 

A l i t h ium shipping conta iner  has been designed and constructed.  High 

pu r i ty  l i t h i u m  w i l l  be purchased from Lithium Corporation of America. 

Mini-Flex Corporation, Lawndale, Cal i forn ia ,  has demonstrated t h e i r  cap- 

a b i l i t y  t o  f a b r i c a t e  r e f r ac to ry  a l loy  bellows, and an o rde r  f o r  Cb-1Zr and 

T-111 bellows has been placed with t h i s  f i r m .  

The proposed qua l i ty  assurance plan and equipment log  has  been sen t  t o  

t h e  NASA Contract ing Off icer  and Project  Manager. Mater ia l s  spec i f i ca t ions  

have been prepared and submitted t o  t h e  NASA Projec t  Manager f o r  approval. 
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I11 PROGRAM STATUS 

A. Material Procurement 

Vendor's quotations for the proposed containment alloys, T-222, T-111, FS-85 

and D-43, are being evaluated, and ordering of material can commence promptly 

upon notification of the alloy selections by the NASA Project Manager. 

The lithium shipping container was designed and constructed. Lithium vendors 

were contacted and their quotations were reviewed. High purity lithium will be 

purchased from the Lithium Corporation of America. Preliminary calculations have 

indicated the potassium distillation system for the Prototype Corrosion Test Loop 

will be adaptable to lithium purification with minor revisions. 

Present plans are to use T-111 alloy bellows in the valves of the Advanced 

Attempts by Standard-Thomson Corporation Refractory Alloy Corrosion Test Loop. 

to produce T-111 alloy bellows by the procedures which were used previously to 

manufacture Cb-1Zr bellows for the Prototype Corrosion Test Loop were unsuccessful 

because of the combined greater strength of the T-111 alloy and the limited ca- 

pacity of the forming equipment. Additional manufacturers were contacted and 

Mini-Flex Corporation, Lawndale, California, was the only other firm with suc- 

cessful refractory alloy exper-ce that replied to the inquiry. (Although 

designed valve bellows contain 26 convolutions, bellows with 15 convolutions were 

ordered to initially evaluate the vendors' capabilities.) Two Cb-1Zr alloy 

bellowsfand two T-111 alloy bellows were fabricated successfully by Mini-Flex 

from the tube blanks supplied by Gzneral  Elec t r ic .  Metallographic examination 

of the cross section of the convolutions indicated excellent uniformity of wall 

thickness in these bellows. The axial deflection of the bellows as a function 

of load, determined by using a compression load cell in an Instron Tester, are 

presented in Table.1. While the spring rates of these bellows pose no diffi- 

culties for application in loop valves, the degree of permanent set bears con- 

-3 - sideration. 
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While t h e  spr ing  r a t e s  of t hese  bellows pose no d i f f i c u l t i e s  f o r  app l i ca t ion  i n  

loop valves,  t h e  degree of permanent set bears cons idera t ion .  

Permanent set begins as the  bellows a re  def lec ted  past  t h e  y i e ld  point .  

Each bellows was de f l ec t ed  0.030 inch past  t h e  y i e ld  point  producing 0.014 

inch permanent set i n  the  T-111 a l l o y  bellows and 0.027 inch permanent set i n  

the  Cb-1Zr a l l o y  bellows. For a f u l l  0.10-inch de f l ec t ion ,  t h e  normal t r a v e l  

range of t he  metering valve, 0,025-inch permanet set would occur i n  t h e  T-111 

a l loy  bellows and 0.027-inch permanent s e t  i n  t h e  Cb-1Zr a l l o y  bellows. 

Although permanent set values f o r  these two a l l o y s  appear s imi l a r ,  t h e  

extent  of p l a s t i c  deformation occurr ing a f t e r  y i e ld  d i f f e r s  widely. I n  the  

Cb-1Zr a l l o y  bellows, 9% of t h e  de f l ec t ion  a f t e r  y i e ld  r e s u l t s  i n  permanent 

set a s  compared t o  only 47% i n  the  T-111 a l l o y  bellows. By increas ing  the  

number of bellows convolutions from 15 t o  26, t he  amount of permanent set f o r  

a given amount of a x i a l  de f l ec t ion  w i l l  decrease.  Bellows of t h i s  design have 

been ordered from Mini-Flex Corporation. 

B. Qual i ty  Assurance 

A proposed q u a l i t y  assurance plan and equipment l o g  w a s  prepared and sen t  

t o  t h e  NASA Contract ing Off icer  and Pro jec t  Manager. The procedures and speci-  

f i c a t i o n s  contained the re in  were prepared mainly f o r  use on the  Potassium 

Corrosion T e s t  Loop Development Program, NAS 3-2547, and w i l l  be modified a s  

experience gained on t h a t  program warrants. 

To inc rease  the  expediency of inspect ion of incoming items, E:: inspection 

tagd has been adopted. This form w i l l  r ep lace  t h e  hold t i c k e t ,  discrepancy re- 

po r t ,  and ma te r i a l  i d e n t i f i c a t i o n  t ag  which were used on the  Potassium Corrosion 

T e s t  Loop Development Program. 

The ma te r i a l s  spec i f i ca t ions ,  Table 11, have been submitted t o  t h e  NASA 

Pro jec t  Manager f o r  approval:  
-5 - 



TABLE 11. MATERIALS SPECIFICATIONS 

Number 

01-0010- 00-A 

01- 0011-00-A 

01-0013-00-B 

01-0014-004 

01-0015-00-B 

01-0020-00-B 

01-0021-00-B 

01-0022-00-B 

01-0035-00-B 

01-0036-00-C 

01- 0037- 00-B 

01-0038- 00-B 

01- 0039-00-B 

01-0040-00-B 

01-0041-00-A 

01 - 0042- 00-A 
01- 0043-00-A 

01-0044- 00-B 

Title 

Bar and Rod: (Cb-132M (Cb-20Ta-15W-5Mo-2Zr- 
0.13C) Alloy 

Bar and Rod: Mo-TZC (Mo-1.25Ti-0.15Zr-O.1X) 
Alloy 

Bar and Rod: D-43 (Cb-1OW-1Zr-O.1C) Alloy 

Bar and Rod: T-222 (Ta-10.4W-2.4Hf-O.OlC) 
Alloy 

Bar and Rod: T-111 (Ta-8W-2Hf) Alloy 

Sheet, Plate, and Strip: FS-85 (Cb-28Ta- 
10.5W-0.9Zr) Alloy 

Bar and Rod: FS-85 (Cb-28Ta-10.5W-0.9Zr) 
Alloy 

Seamless Tubing and Pipe: FS-85 (Cb-28Ta- 
10.5W-0.9Zr) Alloy 

Seamless Tubing and Pipe: T-111 (Ta-8W-2Hf) 
Alloy 

Seamless Tubing and Pipe: T-222 (Ta-10.4W- 
2.4Hf-0.01C) Alloy 

Seamless Tubing and Pipe: D-43 (Cb-1OW-1Zr- 
0.X) Alloy 

Sheet, Plate, and Strip: D-43 (Cb-1OW-1Zr- 
0.1C Alloy 

Sheet, Plate, and Strip: T-222 (Ta-10.4W- 
2.4Hf-0.01C) Alloy 

Sheet, Plate, and Strip: T-111 (Ta-8W-2Hf) 
Alloy 

Foil : D-43 (Cb-1OW-1Zr-O.1C) Alloy 

Foil: FS-85 (Cb-28Ta-10.5W-0.9Zr) Alloy 

Foil: T-111 (Ta-8W-2Hf) Alloy 

Foil: T-222 (Ta-10.4W-2.4Hf-O.OlC) Alloy 

-6- 



Number 

01-0045-00-A 

01-0046-00-A 

01- 0047- 00- B 

01-0048-00-A 

Title 

Wire: D-43 (Cb-1OW-1Zr-O.1C) Alloy 

Wire: FS-$5 (Cb-28Ta-10.5W-O.9Zr) Alloy 

Wire: T-222 (Ta-10.4W-2.4Hf-O.OlC) Alloy 

Wire: T-111 (Ta-8W-2Hf) Alloy 

- 7 -  



VI FUTURE PLANS 

Accomplishments i n  t h e  next report ing per iod a r e  cont ingent  upon t h e  fo r th -  

coming s e l e c t i o n  by the  NASA Projec t  Manager of the r e f r ac to ry  a l l o y  t o  be em- 

ployed i n  loop cons t ruc t ion .  

High p u r i t y  l i t h i u m  w i l l  be ordered and received. Procurement of mate- 

r i a l s  f o r  cons t ruc t ion  of the  l i th ium p u r i f i c a t i o n  sys t em w i l l  be i n i t i a t e d .  

T-111  a l l o y  and Cb-1Zr a l l o y  bellows w i l l  be received and evaluated f o r  

incorpora t ion  i n  loop valves .  

- 8- 
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